Abstract-Wheelchair mobility is a prerequisite to being able to carry out important activities and to participate in social life. Level of satisfaction with the wheelchair and overall quality of life were found to be positively associated. The aim of this study was to determine the level of satisfaction of French manual wheelchair (MW) users and caregivers with MW characteristics. A total of 132 users and 76 caregivers completed a questionnaire about their level of satisfaction with their MW characteristics. Satisfaction scores were independent of age, sex, reason for MW use, and time of use. As a whole, MW users are satisfied. However, a few parameters such as MW weight and difficulties propelling outdoors demonstrate a low level of satisfaction among users. MW weight, brakes, and height of pushing handles are the less satisfying elements among caregivers. In conclusion, the majority of French MW users are satisfied, but some characteristics, such as weight, must be optimized. Considering caregiver needs is paramount when aiming to improve MW parameters such as brakes or pushing handles. Improvement in some MW parameters seems to be important in achieving improved level of satisfaction and increased participation and active lifestyle among MW users and caregivers.
INTRODUCTION
Mobility is an essential component of activities of daily living and is necessary for participation in social activities [1] . Impaired body functions leading to limited walking ability may restrict activity and participation [2] . Mobility assistive technology can be a means to improve activity and participation [3] . Among mobility assistive devices currently available, canes are used the most for improving mobility among persons with motor impairments and functional disabilities, whereas wheelchairs rank second; 1 percent of the world population requires a wheelchair, but only 0.3 percent are wheelchair users [4] . In France, 62 persons per 10,000 (i.e., 360,000 people) use a wheelchair [5] . This figure includes 59 persons per 10,000 who use a manual wheelchair (MW), which may be foldable, rigid, sporty, or designed specifically for comfort [5] . These people use an MW for various reasons: neurological disorders, genetic disorders, cognitive deficits, pathology of the lower limb and trunk, or agerelated changes. The age-related changes category includes participants more than 60 yr old who have a reduced level of independence and safety during ambulation due to various age-related changes (e.g., balance problems, muscle weakness) and risk of falls. The majority of MW users (MWUs) live at home (57%), but this trend reverses with age and elderly MWUs mainly live in institutions [5] . With a revenue of €133.8 million ($141.2 million) in 2007, the wheelchair industry is large and still growing (8% growth between 1996 and 2001) [6] .
The provision of an MW aims to improve the mobility of the MWU despite his or her impairments and disabilities. Caregivers, mainly family members and health professionals who play an important role in the person's daily life, also help to improve mobility and promote social integration.
Improved mobility among people with disabilities is a prerequisite for integrating into the community and gaining access to education, employment, and socialization, as well as preventing additional secondary complications (e.g., pressure sores). MW settings are also important in optimizing mobility. Dalyan et al. showed that the use of a poorly configured MW may cause upperlimb (UL) pathologies and actually decrease autonomy [7] . Hence, a well-designed and -adapted MW may allow MWUs to access the same opportunities as other members of their community and improve their level of satisfaction. The choice in the type of MW as well as adjustments must be individualized to enhance satisfaction and usability [8] .
MWU satisfaction is an important variable for researchers in the field of mobility [9] [10] [11] . Samuelsson and Wressle demonstrated that users used their assistive device (MWs and wheeled walkers) for more years when the level of satisfaction was high [12] . One cause of discontinued use is user dissatisfaction. Moreover, studies have shown that level of satisfaction with the wheelchair and overall quality of life of persons with spinal cord injury (SCI) were positively related in China and the Netherlands [12] . de Groot et al. highlighted key aspects of the wheelchair (i.e., dimensions and simplicity of use) that are important for optimizing an active lifestyle and social participation [10] . The importance of good wheelchair adjustments has been previously described in wheelchair ergonomics literature [13] .
In some countries, assistive technology is free of charge, but in other countries, the provision of assistive technology depends on insurance conditions. Furthermore, regulations and assistive technology service systems differ between countries [14] . In the few studies carried out in China, Denmark, the Netherlands, and Canada, MWUs were found to be satisfied with their MWs [9] [10] [11] [12] . However, this question has not been investigated in France. The French healthcare system is different and covers only a few parts of the wheelchair by insurance. The remainder of the cost must be paid by the user. To the best of our knowledge, a few studies have evaluated the level of satisfaction of wheelchair users with specific types of wheelchairs (i.e., power wheelchairs) but not for MWs. Based on a PubMed search using the key words "satisfaction" and "wheelchair," 224 results were found, but when the key words "French" and "manual" were added, only 2 results were found. One study evaluated satisfaction with a lever-propelled wheelchair prototype but not for MWs with traditional propulsion [15] , and the other study evaluated technological equipment in general [16] . When the key word "caregivers" was added, no results were found. Given the important role of caregivers in the mobility of MWUs, it seems important to also evaluate their level of satisfaction with the technical aspects of MWs.
The aim of this study was to determine the satisfaction of French MWUs and caregivers of MWUs with MW characteristics, particularly the wheels, brakes, accessories, and MW dimensions and weight. We believed that increasing our understanding of the satisfaction of MWUs and caregivers would help to improve the design of MWs (dimensions, weight, etc.). MWUs and caregivers each completed a different questionnaire (Appendix, available online only) about their level of satisfaction with the MW parameters. We hypothesized that the level of satisfaction would not vary with age, sex, cause of disability, or MW type and that MWUs would be satisfied on the whole with their MW but that they might not be satisfied with all the specific parameters. Particularly, we hypothesized that they might be dissatisfied with the MW weight. We also hypothesized that full-time MWUs would be less satisfied than occasional MWUs and that the caregivers would be largely less satisfied with the MW parameters than the MWUs.
METHODS
The study started in December 2011 and finished in June 2012. A convenience sample of MWUs and their caregivers was recruited from various sources, including a geriatric hospital (GH), a retirement home (RH), and a university hospital (UH). The questionnaire was also posted on the Garches Foundation Web site (www.handicap.org). These different locations were chosen in order to target a wide population. A total of 654 questionnaires was distributed. Individuals over 18 yr old who used a MW were eligible to participate. Participants who were unable to understand and answer the questionnaire were excluded. Caregivers included family members and health professionals of the MWU. They were defined as people who helped a dependent person in activities of daily living [17] . Caregivers over 18 yr old were eligible to participate. The study was approved by a local ethics committee. It was registered as a national multicenter study of MWs. Subjects were not paid for their participation in the study.
Questionnaire
A questionnaire was developed for the purpose of the study in collaboration with clinicians who prescribe wheelchairs and by a physiotherapist with 20 yr of experience specialized in assisting persons choose and adjust their wheelchairs. The items on the questionnaire included the mechanical characteristics of wheelchairs described by Cooper [18] . Table 1 describes the questions asked in each category.
Manual Wheelchair Users
Participants first provided demographic information, including age, sex, height, weight, profession, diagnosis, etiology, and number of years of wheelchair use. They then reported the characteristics of their wheelchair, including type, model, and make. Participants were also asked to report the total number of wheelchairs they had used since their first wheelchair and whether they had a pushrim-activated power-assisted wheelchair (PAPAW). The main part of the questionnaire was related to satisfaction with the MW and its parts, including the brakes, wheels, and accessories (i.e., armrest, head support). A 4-point scale was used to rate global MW satisfaction. The final part of the questionnaire related to participants' needs. Participants were asked to choose their three main criteria when selecting a new MW from a list and an open-ended question was asked about aspects that should be improved.
Caregivers
The caregiver questionnaire focused on age and sex and the characteristics of the MW, including type, model, make, and satisfaction related to parts of the MW that the person whom they cared for used. It also asked whether the MWU had a PAPAW. At the end, there was an openended question relating to aspects that they felt should be improved.
Data Analysis
Descriptive statistics (mean ± standard deviation for continuous variables and frequencies for categorical variables) were used to describe the study sample, MW characteristics, satisfaction levels, and selection criteria if they needed to buy a new MW. Differences between groups (old/young, male/female, accident/disease, type of MW) regarding global satisfaction score were analyzed with independent Student t-tests. Theses comparisons were carried out to evaluate whether or not the level of satisfaction varied with age, sex, cause of disability, or MW type. The 4-point satisfaction scale was divided into two categories: "quite satisfied and very satisfied" and "not very satisfied and not satisfied at all." 
RESULTS
A total of 132 MWUs and 76 caregivers completed the questionnaire (response rate: MWUs: 35%; caregivers: 27%). Out of the 132 MWUs, 107 (81.1%) were recruited from GHs, RHs, and UHs and 25 were recruited from other sources (Internet).
Characteristics of Manual Wheelchair Users
Most participants reported that they spent all day in their wheelchairs (69.7%). The diagnosis and/or disabilities reported included sensorimotor impairments of the lower limbs and trunk (43.2%), neurological diseases (31.8%), genetic diseases (5.3%), and aging (17.4%). The diagnoses were as follows: SCI, amputation, multiple sclerosis, and cerebral palsy. The main cause of MW use among males was trauma (59.7%), while trauma represented only 25 percent of causes for females, with diseases (36.8%) and aging (29.4%) accounting for the largest distribution of causes (Figure 1) . In terms of wheelchair skills, most MWUs were able to propel (52.2%) and transfer (45%) easily, i.e., they could perform these tasks independently without difficulty regardless of the surface, slope, or height of the transfer surface. Some reported difficulties in loading their MW into the car (27.2%), folding it (20.4%), and crossing obstacles (39.4%). Many MWUs were unable to load MW (58.3%), fold MW (48.5%), or cross obstacles independently (43.2%) Description of questionnaire. * Sport wheelchairs are designed for athletes with disabilities who are competing in sports that require agility and speed such as basketball, tennis, rugby, or racing.
Wheelchair Characteristics
† Comfort wheelchairs are self-propelled and allow patients to displace themselves and sit for long periods of time, as well as to nap in chair without increasing number of transfers. without an increased number of transfers) (6.1%), and only 2 used a sport MW (1.5%). The average duration of MW use was 12.5 ± 13.7 yr. Each patient had used an average of 3.1 ± 3.3 wheelchairs and had changed their wheelchair every 4.0 yr on average. Only 15 participants (11.4%) owned a PAPAW. Most participants used the following MW brands: Invacare (Elyria, Ohio) (n = 37; 28.0%) and Kuschall (Witterswil, Switzerland) (n = 31; 23.5%).
Satisfaction Ratings
No differences were found between age groups (p = 0.09), sex (p = 0.93), or cause of MW use (p = 0.69) regarding global satisfaction scores and satisfaction with each parameter. Moreover, no differences were found between the types of MW (p = 0.39). The majority of MWUs was satisfied (71 MWUs gave a rating of 3 [satisfied] and 26 MWUs gave a rating of 4 [very satisfied]). Only 13 and 22 of 132 MWUs were not satisfied, with ratings of 1 (not satisfied at all) and 2 (not very satisfied), respectively. Only five differences were found between global satisfaction and satisfaction with each parameter (Table 3) . MWUs were satisfied with all items (Figure 2 ) except for two: the MW weight (p < 0.001, 38%) and outdoor propulsion (p < 0.001, 39%). As for accessories, few MWUs had a head support (13.6%) or lateral trunk supports (10.6%). MWUs were particularly satisfied with the weight of the wheels (p = 0.001, 86%), MWU friendliness of the brakes (p = 0.002, 81%), and indoor propulsion (p = 0.001, 82%). Concerning the differences among full-time versus occasional MWUs, it appears that there are no differences in mean age (p = 0.8) and global satisfaction (p = 0.5). Full-time and occasional MWU satisfaction for MW parameters were similar (p > 0.99). For MWUs, the most important criterion was weight (26.5%), followed by comfort (19%), durability (19%), and maneuverability (16%).
Characteristics of Caregivers
Caregivers were recruited from GHs, RHs, and UHs (62, 81%) and other sources (Internet) (14, 19%) . Out of those, 55 (72%) were family members and 21 (28%) were health professionals. Caregivers were mostly women (50, 65%) with a mean age of 46.0 ± 17.5 yr. Distribution of MW type was the same as that of MWUs with a majority having foldable MWs (64.5%) followed by comfort MWs (19.7%) and rigid MWs (14.5%). The task of loading the MW into the car and crossing obstacles was more difficult for caregivers than pushing, folding, and other activities. Indeed, 65.8 and 59.2 percent of caregivers had difficulty in carrying out these activities, respectively. Figure 3 depicts MW satisfaction among caregivers. Overall, they were satisfied with the MW (10/12 items satisfied). However, 40 percent were dissatisfied with the push handle, especially its adjustment (p = 0.001). Table 4 shows the comparison of satisfaction with each item between MWUs and caregivers. Caregivers were less satisfied with MW weight (p < 0.001, 63% dissatisfaction) and brake position (p < 0.001). The results of the openended question revealed that the most important criterion of an MW for caregivers was that they were lightweight, designed for comfort, and durable (reported 22, 15, and 13 times, respectively). Other aspects also frequently mentioned were compactness (10 times), ease of folding (9 times), and aesthetic qualities (9 times).
DISCUSSION
The aim of this study was to evaluate the satisfaction of French MWUs and caregivers with MW characteristics. To our knowledge, this has hardly been evaluated around the world and no studies have specifically been conducted in France on MWUs and caregivers. We believe that measuring satisfaction with an MW is an important aspect of assessing the quality of an MW. The major findings of this study are that French MWUs are generally satisfied with their MW and its technical characteristics, although some improvements do seem necessary. The results of this study showed that weight and outside propulsion were the main reasons of dissatisfaction among MWUs. Caregivers were unsatisfied with MW dimensions and the brakes and were most unsatisfied with MW weight.
de Groot et al. showed a relationship between participation and simplicity of use and between an active lifestyle and MW dimensions [10] . They showed that some aspects of the MW should be optimized because they are related to an active lifestyle and participation. MWUs considered the wheelchair to have a positive influence on their opportunity to work and have an active leisure life [12] . Other studies have also shown that participants who were more satisfied with MW dimensions or who were satisfied overall had a more active lifestyle [9] [10] [11] . The results of our study showed that MWUs are satisfied with their MWs (73.5% satisfied, mean score of 2.8/4). The global satisfaction scores and level of satisfaction for each item did not depend on age, sex, or etiology. These results are similar to those reported by de Groot et al., who did not find any differences between age or sex groups [10] . Satisfaction with MW dimensions and simplicity of use indoors was above 80 percent, similar to the previous study. The most important aspects perceived by the MWUs were that the MW was lightweight, designed for comfort, durable, and easy to maneuver. The same items were found to be important in a study by Samuelsson and Wressle [12] .
As we hypothesized, despite the fact that the persons were globally satisfied, they had many criticisms. MW weight and outdoor propulsion were the aspects with the most mixed responses for MWUs. Unlike MWUs, the most mixed responses among caregivers concerned the MW's weight, dimensions, position, and ease of use of the brakes and push handles. In the previously mentioned studies, the authors reported lower levels of satisfaction with MW weight [10] [11] [12] . The results of the study by Samuelsson and Wressle showed that MW weight and the type of surface have an effect on propulsion [12] . Cowan et al. indeed showed that surface type substantially Table 3 .
Comparison of manual wheelchair user parameter satisfaction and global satisfaction (n = 132).
Figure 2.
Percentage of answers given by manual wheelchair users to item of satisfaction questionnaire.
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affects self-selected velocity, peak resultant force, and peak tangential force and that the addition of 9 kg reduces self-selected velocity and increases peak forces on each surface [19] . Cowan et al. concluded that the greatest reductions in the resultant peak force would be obtained with the lightest possible wheelchair [19] . To our knowledge, no studies have been carried out on satisfaction with wheelchair accessories. Caregivers are less satisfied than MWUs in terms of push handles and brakes.
It is interesting to note that despite the fact that MWUs and caregivers were dissatisfied with several aspects of the MWs, they expressed overall satisfaction. It therefore appears that they are resigned to the fact that they have to live with this reality. This is known as accommodation. Accommodation is an effect of the environment on the MWU that alters his or her way of seeing, doing, and thinking. It reflects the action of the environment on the cognitive activity of the subject, reorganizing knowledge, and changing his or her way of seeing things. Thus, to accommodate to the MW, the person must accept its faults and qualities. In other words, the person learns to put up with it whatever happens [20] .
The caregivers in this study were family members and health professionals with a majority of women (65%) aged 46 yr on average. This is similar to a previous study in which the caregivers were found to be generally women (68%) with a mean age of 47 yr [21] . The main sources of dissatisfaction among caregivers were MW weight, dimensions, brakes, and push handles. This is likely related to the fact that these elements can cause discomfort or pain (such as low back pain) and limit the caregiver's actions. If the MW is too heavy, it is difficult to move, especially for tasks such as loading it into a car. Similarly, if the push handles are improperly adjusted or not adjustable, this can cause back pain. A study by van der Woude et al. showed that the biomechanical load when pushing a wheelchair is partly influenced by push handle height [22] . In general, higher push handles appear to offer some advantages. Low push handles create greater net moments of force, compression forces, and shear forces on lumbar 5 to sacral 1 and greater lifting forces in comparison with higher push handles. van der Woude et al. determined that the push handles should be positioned at 86.5 percent of shoulder height and should therefore be adjustable. Moreover, caregivers have a high-risk of developing low back pain [23] . This can interfere with the caregiver's own life as well as with the mobility of the MWU. The brakes are also a problem because of their low position on the MW.
The elements of satisfaction and dissatisfaction highlighted here and in other studies must be taken into account in the design and modification of MWs since a well-designed, well-adjusted MW can enhance the mobility and community participation of individuals with reduced mobility [4] . Moreover, a poorly adjusted or adapted MW may cause secondary UL pathologies and decreased independence [7] . The importance of a welladjusted wheelchair has been previously described in the literature. For example, seat height has an effect on physical strain; a low, backward position of the seat allows greater efficiency of propulsion, but if the seat is too low and the wheels too far back, this increases joint angles and could increase the risk of UL injuries [24] .
One major problem is that MWUs often have difficulty in obtaining improved MW models, such as lighter, more compact MWs, because of the cost. In France, the level of reimbursement from the state depends on the type of wheelchair, e.g., €558 ($589) for a rigid and foldable wheelchair and €948 ($1,001) for a comfort wheelchair. These sums do not correspond with the price of sophisticated wheelchairs, which can be over €4,000 ($4,224). If users do not have a complementary health insurance plan to help them pay for their wheelchair, they are often unable to access the one best suited to their MW needs. In this study, MWUs and caregivers were unanimous in their belief that the price of wheelchairs is too high. A study of the France Paralyzed Association on wheelchair funding showed that reimbursement is insufficient compared with the price and that it does not allow persons with disabilities to acquire a wheelchair that reflects their needs [25] . MWUs hesitate to choose a Table 4 .
Comparison of parameter satisfaction of manual wheelchair users and caregivers.
* p < 0.004.
expensive MW based on the amount of reimbursement since most of them cannot cover the difference. Decreasing the cost, changing insurance regulations, or improving global insurance coverage should be a priority in order to allow access for all. Mobility should not be a luxury, and rehabilitation professionals should lobby for this alongside MWUs and caregivers.
LIMITATIONS
This study excluded MWUs who were unable to understand and answer the questionnaire. Vignier et al. showed that half of this population has cognitive impairments and two-thirds have some communication difficulties and memory disorders [5] . The population studied was an average age of 55.4 ± 19.8 yr, with 70 women and 62 men. In comparison with the study by Vignier et al. [5] , our population is younger. This is likely related to the recruitment method. The majority of MWUs who participated were recruited from Raymond Poincare Hospital and lived at home, whereas in the study by Vignier et al., the majority lived in institutions [5] . Vignier et al. determined five types of MWUs [5] , but in our study only three were represented: elderly with physical impairments, dependant elderly living in institutions, and active MWUs with motor impairments. As for the type of wheelchairs, most MWs were foldable and a few were comfort wheelchairs. Since they are often used both inside and outside, the MW is an essential tool for mobility. Nevertheless, it appears that a large number of MWUs stay in their room or their residence. This is particularly true for those who live in institutions and are above the age of 60 [5] . This is confirmed by the results of our study, since all the MWUs who lived in institutions used their MWs inside only. The younger subjects in our sample used the MW both inside and outside. These results cannot therefore be generalized to the entire population of MWUs. Also, we did not use the Quebec User Evaluation of Satisfaction with Assistive Technology (QUEST) 2.0 questionnaire, which is a standardized evaluation tool especially developed to measure user satisfaction with assistive devices [26] . QUEST 2.0 has been used in several studies and is used in several countries. Using this index could be interesting to compare satisfaction with MWs in France and other countries based on the same items.
CONCLUSIONS
The results of this study show that the majority of French MWUs express a good level of satisfaction with their MWs. They also show that the global satisfaction scores and satisfaction with MW-specific items do not depend on age, sex, or etiology or the type of MW. The results showed that some aspects of the MW (lightweight design, comfort, durability, and maneuverability) and MW parameters (dimensions and push handles) should be optimized because they are related to an active lifestyle and participation. It is also important to consider caregivers by improving parameters such as the push handles, brakes, and MW weight. Improving these aspects of the MW should decrease the risk of musculoskeletal injuries for both MWUs and caregivers, thus possibly improving mobility and satisfaction.
